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comprising three wells formed in the underside of said
tip portion, one of said wells being on the pitch axis of
the blade and the other two being located one fore and
one aft of said pitch axis, a cup-shaped liner for each of
said wells including a central stud upstanding from the
bottom of each liner having external screwthreads at its
free end, said stud having a hollow threaded end, a
stack of washer-shaped shim weights in each liner
which conform closely to the inside diameter of said
liners, the inernal diameter of said weights being some-
what greater than the diameter of said studs, means for
securing said liners to the bottom and sidewalls of said
wells, self-locking nuts engaging said external threads
on the free ends of said studs for clamping said weights
hightly in stacked position, a cover plate forming a
closure for each of said wells and shaped to conform to
the airfo1l contour of the blade in the vicinity of said
wells, and means for securing each of said cover plates
In position comprising a screw threaded into the hollow
threaded end of each stud.

8. Tip weight attachment means for a composite
rotor blade having a tip portion formed essentially of a
block of light non-metallic material comprising a well
of substantial depth formed in said block in the under-
side of said tip portion, and a tip weight assembly for
balancing the blade located in said well, said assembly
including a cylindrical liner adhesively secured to the
sidewall of said well, a cover plate forming a closure for
said well having a stud projecting into said well, a stack
of shim weights in said well having a passage there-
through to receive said stud loosely, said weights hav-
Ing their peripheries closely adjacent said sidewall
liner, a nut screw threaded on the end of said stud for
clamping said weights lightly in stacked relation, and a
screw extended through the top surface of said blade
and screw threaded into the end of said stud for secur-
ing the assembly in said well.

9. Tip weight attachment means for a rotor blade
having a tip portion of lightweight non-metallic mate-
rial comprising a cylindrical well of substantial depth
formed In the under surface of the blade tip portion,
and a tip weight assembly for balancing the blade lo-
cated in the well, said assembly including an annular
cup shaped liner for said well having an upstanding
central stud which i1s hollow at its tfree end, the con-
fronting sidewalls of said liner and said well having
screw threads, an internally and externally threaded

3

10

15

20

25

30

35

40

45

Insert connecting said liner to the cylindrical sidewall

of said well, a stack of washer-shaped shim weights in
said liner, the external diameter of said weights being
substantially equal to the internal diameter of said liner
and the internal diameter of said weights being some-
what greater than the diameter of said stud, a self-lock-
ing nut threaded on external threads on said stud for
lightly clamping said weights, a cover for said well
which is shaped to conform to the airfoil contour of the
blade in the vicinity of said well, and a screw extended
through said cover and threaded into the hollow end of
said stud for securing said cover.

10. Tip weight attachment means for a rotor blade 60

having a tip portion of lightweight material comprising
a well of substantial depth formed in a major surface of
said tip portion, a liner for said well adhesively attached
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to the side and bottom walls of the well, a stud upstand-
ing from the bottom wall of said liner having external
and internal threads at its free end, a stack of shim
weights loosely surrounding said stud, said weights
having an outside dimension closely fitting said liner, a
nut engaging the external threads on said stud for
hghtly clamping said weights in stacked position, a

cover plate having its outer surface shaped to conform

to the contour of the blade 1n the vicinity of said well,
and means for securing said cover plate in position
Including a screw threaded into said internal threads in
said stud. |

11. The tip weight attachment means of claim 10 in
which the well 1s cylindrical, the liner 1s annular and
cup-shaped and the shim weights are washer-shaped.

12. Tip weight attachment means for a rotor blade
having a tip portion formed essentially of a block of
lightwelght composite material comprising a well
formed in said block, a liner adhesively secured in said
well having a central stud, a stack of shim weights
within said liner surrounding said stud, a cover plate for
sald well having an outer surface shaped to conform to
the airfoil contour of the blade, means for securing said
shim weights In stacked position including a nut
threaded on exterior threads on the free end of said
stud, and a screw extended through said cover plate
and threaded into the end of said stud.

13. Tip weight attachment means for a composite
rotor blade having a tip portion composed of a block of
low density material non-metallic material comprising
a tip weight assembly embedded in the material of said
block, said assembly including a cup-shaped metallic
member having its open end accessible from a major
surface of said blade, said member having a centrally
located stud therein, a stack of washer-shaped shim
weights in said member, a nut threaded on said stud for
retaining a selected number of shim weights in stacked
position 1n said member, a cover plate forming a clo-
sure for the open end of said member which conforms
to the airfoil contour of said blade, and means having a
threaded connection with said stud for attaching said
plate to said blade.

14. Tip weight attachment means for a composite
rotor blade having a tip portion composed of a block of
low density material comprising a cup-shaped member
embedded in the material of said block with its lip
substantially flush with a major surface of said blade, a
stack of shim weights in said member having their pe-

npheries closely fitting the inside of said member,

means for releasably holding said weights in stacked
position in said member, a removable cover for the
open end of said member which conforms on its exte-
rior surface to the airfoil contour of the blade and when
removed provides access to said weights, and means for
securing said cover to said member.

15. The tip weight attachment means of claim 14 in
which the means for holding the weights in stacked
position is a stud carried by said member which extends
through the stacked weights and a nut screw-threaded
onto the end of said stud, and the means for securing
the cover i1s a screw extended through the cover and

threaded into the end of said stud.
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[57] ' ABSTRACT

The Invention relates to a novel mixing head, which
comprises a pair of coaxially spaced discs, each of said
discs having a plurality of substantially radially extend-
ing slots, each of said slots having a leading edge and a
trailing edge and each slot being aligned with a corre-
sponding slot on the other disc; a substantially radially
extending blade along the trailing edge of each of said
aligned slots; and a blade perpendicularly extending
substantially from the leading edge of each of said
aligned slots to the edge of said discs, said blades being
disposed 1n the space between said discs, perpendicular
to the plane of the discs, and are secured to each disc
to form compartments in the space between the discs.
'The novel mixing head also comprises means for con-
necting with a rotatable shaft. This novel mixer is espe-
cially useful for mixing immiscible liquids, to provide |
high surface areas, and in other processes requiring
high local agitation at low power inputs, as for example,
in alkylation processes.

S Claims, 5 Drawing Figures
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1
MIXING HEAD

FIELD OF THE INVENTION

This invention relates to a novel mixing head, which
comprises a pair of coaxially spaced discs, each of said
discs having a plurality of substantially radially extend-
ing slots, each of said slots having a leading edge and a
trailing edge and each slot being aligned with a corre-
sponding slot on the other disc; a substantially radiaily
extending blade along the trailing edge of each of said
aligned slots; and a blade perpendicularly extending
substantially from the leading edge of each of said
aligned slots to the edge of said discs, said blades being
disposed in the space between said discs, perpendicular
to the plane of the discs, and are secured to each disc
to form compartments in the space between the discs.
The novel mixing head also comprises means for con-
necting with a rotatable shaft. This novel mixer is espe-
cially useful for mixing immiscible liquids, to prowde
high surface areas, and In other processes requiring
hlgh local agitation at low power inputs, as for example,
in alkylation processes.

BACKGROUND OF THE PRIOR ART

In U.S. Pat. No. 3,215,409, a mixer is disclosed which
provides rapid and intense mixing action. This mixer
differs from the mixer of the instant invention in both
structure and mixing action. The mixer of the instant
invention has: (1) no blades exterior to the disc pair;
(2) a second blade perpendicular to the radially ex-
tending blade; (3) in the preferred embodiment, all
blades are connected to both discs to form compart-
ments; and (4) slots in each disc are positioned be-
tween the blades pairs and, in said preferred embodi-
ment, of an optimum size. The second blade and opti-
mum slot size are necessary to generate the high value
of turbulent intensity accomplished by the instant in-
vention. This structure, of course, fixes the mixing
action.

SUMMARY OF THE INVENTION

This invention relates, in general, to a novel mixing
head and more specifically to a high shear turbine im-
peller. It is an object of this invention to provide a novel
mixer which is capable of giving higher local turbu-
lence per unit power input than those known in the
prior art. |

It is a further object of this invention to provide a
novel mixer which is effective for use in processes
wherein two immiscible liquids must be contacted, for
example, in alkylation processes. Further objects of the
invention will be apparent from the specification be-
low. The above objects and other features and advan-
tages are attained by a novel mixing head, which in-
cludes a pair of coaxially spaced discs, each of said
discs having a plurality of substantially radially extend-
ing slots, each of said slots having a leading edge and a
trailing edge, and each slot being aligned with a slot on
the other disc; a substantially radially extending blade
along the trailing edge of each of said aligned slots; and
a blade perpendicularly extending substantially from
the leading edge of each of said aligned slots to the
edge of said discs, said blades being disposed In the
space between said discs. Preferably, the blade pairs
are perpendicular to the plane of the discs and are
attached to both discs to define. compartments within
the space between the coaxial discs. In the most pre-
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ferred embodiment, the substantially radially extending
blade is directly -on the radius of the disc and the center
line of the substantially radially extending slot extends
parallel thereto. This arrangement of said blade and
said slot allows for ease of balance of the mixing head.
In accordance with this invention, this mixing head may
be constructed so as to provide means for attachment
to a rotatable shaft. The rotatable shaft i1s connected to
power means so as to rotate the mixing head of this
invention. The mixing head of the instant invention
preferably comprises at least four, preferably six slots
spaced in equidistant relationship around the circum-
ference of the discs. |

It has been further discovered that the size of the

slots described above must be of a certain dimension to
provide the optimum balance of turbulence and flow.

For example, as further shown below, the slot will pret-
‘erably have a length to width ratio of at least 3, more

preferably from 3 to 4 and have a length of from % to
1/12 of the diameter of said discs.

It should be noted that the slot will not be extended
further toward the center of the disc, along the radius,
then the blade. | |

The blades which are positioned in the space be-
tween the discs are like the slots of equivalent geome-
try. The mixing head will comprise at least four pairs of
said blades, more preferably six, all of which are
aligned as disclosed above. The blades will extend sub-
stantially from the circumference of the discs along the
radius, a distance of from % to 4/5 of the radius.

The mixer of this invention is especially suitable for
processes wherein two immiscible liquids are emulsi-
fied. For example, in alkylation processes, such as that
described in U.S. Pat. No. 3,470,265, herein incorpo-
rated by reference, it is shown that the reaction rates
are dependent upon the droplet size of the emulsion
formed by the mixing of the isoparaffinolefin (hydro-
carbon phase) and sulfuric acid (aqueous phase). It is
pointed out in this patent that the creation of high
interfacial areas at low mixing energy inputs 1s very
desirable from a commercial standpoint.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of the mixer of the instant inven-
tion showing the placement of a series of slots, radially
extending blades and perpendicular blades.

FIG. 2 is a side view of the mixer of the instant inven-
tion.

FIG. 3 1s a comparlson of the performance of the
mixer of the instant invention with that of a standard

flat blade turbine.

FIG. 4 compares the intensity of the mixer of the
instant invention with that of currently available appa-
ratuses.

FIG. 5 represents the variations in turbulence and
flow experienced with different slot sizes and configu-
rations.

In FIGS. 1 and 2, a preferred embodiment of the
novel mixer of the instant invention is shown. FIG. 1 is
a top view of the mixer of the instant invention, and
FIG. 2 is a side view. Referring to these figures, it is

shown that the novel mixer of the instant invention

comprises a pair of coaxially spaced discs 10, 11 of
substantlally equivalent geometry. In each of said discs
are a series of radially extending slots 13 and a hollow

‘cylinder 14 is centered through said discs and attached

thereto to provide means for attaching the discs to a
rotatable shaft. Assocrated with each of said radially
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